A high intake of carbohydrates, associated with obesity, is one of the major causes of fatty liver disease in humans.
Introduction
Carbohydrates are one of the main sources of energy in most animal diets, and the liver is the major site of carbohydrate metabolism and triglyceride synthesis. Glucose and other simple sugars obtained from the digestion of dietary starches and polysaccharides (carbohydrates) are metabolized by the liver to provide substrates, such as acetyl-CoA, for the synthesis of fatty acids and numerous other molecules. Carbohydrate is usually the cheapest dietary energy supplying nutrient, and its appropriate introduction may reduce catabolism of protein and lipid for energy. This may lead to a reduction of formulated diets cost and ammonia excretion by amino acid metabolism [1] . Inclusion of carbohydrate in the diet of several fish species appears to produce positive effects on growth and digestibility [2] [3] [4] . The ability of fish to use dietary carbohydrates varies widely among and within species and is closely associated with their feeding habits. Fish generally have high dietary protein requirements and are considered to be poor utilizers of dietary carbohydrates [5] [6] [7] [8] . If the appropriate levels of carbohydrates are not available, however, there may be negative effects on the nutrient utilization, growth, metabolism, and health of the fish [9, 10] . Compared with mammals, the utilization of carbohydrate in fish is limited and can be affected by the level and source of the dietary carbohydrate. For example, reduced growth performance and feed utilization were observed in several fish species fed a glucose diet compared with those of fish fed a starch diet [11, 12] . Overingestion of simple carbohydrates, such as sucrose and fructose is a major cause of nonalcoholic fatty liver disease (NAFLD) [13] . Although a high intake of carbohydrates has been associated with increased risks of fattier fish (obesity) and NAFLD, the available data are often ambiguous [14, 15] . Therefore, several fish have been used to investigate whether fish livers are affected by excessive carbohydrate, including changes in liver size, cellular architecture, gene expression patterns, and lipid accumulation [16, 17] .
The blunt snout bream, Megalobrama amblycephala, is an herbivorous freshwater fish that is native to China and has a low carbohydrate tolerance. In recent years, the need to maximize the use of dietary nonprotein energy sources [18, 19] has inevitably resulted in the severe deposition of body lipids in fish, coupled to increasing outbreaks of fatty liver diseases. However, there has been no report of fatty liver disease in this species until now.
There are also few reports of the effects of a high-carbohydrate diet (HCBD) on the lipid metabolism of the blunt snout bream, which is a cause of obesity-associated NAFLD.
Therefore, to understand better the mechanism of NAFLD and to advance the aquaculture of the blunt snout bream, we investigated how a high carbohydrate intake induces fatty liver disease in this fish model based on transcriptomic and metabolomics analyses. We examined the effects of HCBD on the hepatic transcriptome, hepatic and serum metabolomics, blood biochemistry, growth indices, and liver histology.
Results

High carbohydrate induced body and histology changes
The bodyweights, food utilization, and biometric parameters of blunt snout bream fed a normal diet (control) or HCBD are shown in Table 2 . After the 60-day feeding period, the survival rate of all fish was > 94% and did not differ statistically (P > 0.05) between the groups. The final weight, weight gain, SGR, and FCR were all higher in the HCBD group than in the control group, but did not differ significantly (P < 0.05; Table 2 ). However, HSI was significantly higher in the HCBD group than in the control group (P < 0.05; Table 2 ).
The liver histology was consistent with the HSI. The control group showed regular hepatocytes with large and spherical nuclei centrally located in moderate cytoplasm and a small number of lipid droplets ( Figure 1A ). In contrast, the liver histology of the HCBD group showed swollen hepatocytes with large diffuse lipid vacuoles, abnormal endothelial cells in the central vein, inflammatory infiltration, and some hypertrophy of the hepatocytes ( Figure 1B ). Thus, fatty liver was apparent in the HCBD group.
High carbohydrate induced changes in serum biochemistry
The HCBD induced changes in the fish's serum biochemistry, affecting ALT, AST, TG and LDL. ALT and AST were both significantly elevated in the HCBD group compared with the control group (P < 0.05), whereas TG was significantly reduced (P < 0.05) (Figure 2 ). Serum LDL was significantly higher in the HCBD group than in the control group (P < 0.05; Figure 2 ).
High carbohydrate induced metabolomic changes in the serum and liver
The metabolomic analysis results for the blood sera and livers of the control and HCBD groups, inferred from 1 H-NMR metabolite profiles, are shown in Figure 3 . The NMR spectra of the sera indicated differences in α/β-glucose (glycolysis metabolic pathway), and succinate and tyrosine (tricarboxylic acid [TCA] cycle metabolic pathway) (Table S2 ). The relative contents of various metabolites, including α-glucose (P < 0.01), β-glucose (P < 0.05), succinate (P < 0.05), and tyrosine (P < 0.01), were significantly elevated in the HCBD group ( Figure 3A) . The NMR spectra specifically showed that betaine was very significantly reduced in the livers of the HCBD group compared with the control group (P < 0.01; Figure 3B , Figure S1 and 2, Table S2 ). The functions of the unigene sequences of the control and HCBD groups were predicted and classified by searching the Clusters of Orthologous Groups (COG) database, which cataloged the sequences into 24 categories ( Figure   4A ). The major group was 'general function prediction only' (412 genes; 15.92%), followed by 'translation, ribosomal structure, and biogenesis' (348 genes; 13.45%) and 'posttranslational modification, protein turnover, chaperones' (227 genes; 8.77%). Only three unigenes were allocated to 'cell mobility' in the HCBD group. No unigenes were related to 'extracellular structures' or 'nuclear structure' ( Figure 4A ).
High carbohydrate induced transcriptomic changes in the liver
The three main categories of GO annotations were 'biological processes' (14, 583, 35 .78%), 'cellular components' (11, 271, 27 .66%), and 'molecular function' (14, 901, 36 .56%) ( Figure 4B ). For biological processes, the most frequent GO terms were 'cellular process', 'metabolic process', and 'single-organism process'. For cellular components, genes involved in 'cell part', 'macromolecular complex', and 'organelle' were most strongly represented. In the category of molecular function, the term 'binding' accounted for the highest proportion of annotations, followed by 'catalytic activity' and 'structural molecule activity'. Differentially expressed genes Table 3) .
Comparisons of the hepatic transcriptomes and RT-qPCR results for the control and HCBD groups showed that the expression of some genes involved in the NAFLD pathway, according to the results of KEGG pathway analysis, was significantly altered. For example, the expression of suppressor of cytokine signaling 3 (SOCS3) was with AKT, and glycogen (starch) synthase (GYS) was increased with the reduction in GSK3β. Thus, the synthesis of glycogen was increased. After the ingestion of HCBD, the fish reacted with prolonged postprandial hyperglycemia. Therefore, various hypotheses can explain the poor in utilization of dietary carbohydrate by fish.
Insulin resistance was also observed, which is one of the causes of fatty liver disease ( Figure 5, 6 ).
The expression of acetyl-CoA carboxylase (ACC) was also significantly upregulated by the reduction in AMPactivated protein kinase (AMPK) ( Figure 5, 6 ). Therefore, lipogenesis increased. If lipogenesis increases beyond normal levels, then TG accumulates in the liver, which contributes to fatty liver disease.
The regulation of the expression of the fructose-1,6-bisphosphatase 1 (FBP) gene was also altered, which is related to the dysregulation of carbohydrate transport and metabolism. The expression of interleukin 6 (IL6), transcription factor AP-1 (AP1), phosphoenolpyruvate carboxykinase (PEPCK), and MAX-like protein X (MLX, ChREBP)
was upregulated, and all these genes are associated with the NAFLD pathway ( Figure 5 and Table 3 ).
Discussion
The growth performance results showed that high carbohydrate had positively affected on body weight, growth rate and utilization rate of food, but it was not significantly different compared to control. This was similar to the previous studies in rainbow trout (Oncorhynchus mykiss) [20] , Indian major carp (Cirrhinnus mrigala) [21] and gilthead sea bream (Saparus aurata) [22] . These references reported that high carbohydrate had no significant effect on growth performances. In contrast, other research reported that excessive carbohydrate levels had effect on growth performances by reducing the growth rate, and increasing FCR in blunt snout bream [23] and grass carp (Ctenopharyngodon idellus) [24] . The reason of difference from our result may be related to the different carbohydrate content in different diets.
HCBD also affected the liver. HSI was significantly higher in the HCBD group than in the control (Table 2) .
Similarly, increasing levels of carbohydrate affected the HSI of the gilthead sea bream (Saparus aurata) [22] .
Interestingly, the increase in the HSI when fish were fed HCBDs may be related to an increase in glycogen deposition in the fish liver [25] [26] [27] . A previous study also showed that the blunt snout breams fed HCBD had a significantly higher hepatic glycogen content than those fed the control diet [28] . This result is also consistent with our metabolite results, which showed that a high carbohydrate intake induced significant increases in plasma α/β-glucose, succinate, and tyrosine ( Figure 2 ). Because α/β-glucose can be converted to glycerin or glycogen in the glycolysis/gluconeogenesis pathway and succinate and tyrosine can be converted to acetyl-CoA in the TCA cycle pathway, these increases in plasma α/β-glucose, succinate, and tyrosine could lead to increases in hepatic glycogen.
Thus, the HSI of the HCBD group increased with increased glycogen deposition in the fish liver. Insulin resistance accompanied this accumulation of hepatic glycogen [29] [30] [31] [32] and insulin resistance is one cause of fatty liver disease.
Therefore, a high carbohydrate intake induces the increase in HSI and a high HSI is bad for the hepatic health of fish.
Pathological liver damage was also observed in the HCBD group. This is consistent with previous studies that reported abnormal hepatocytes when the carbohydrate levels were increased in the diet of the blunt snout bream [28] , juvenile yellow catfish (Pelteobagrus fulvidraco) [33] , Labeo rohita juveniles [34] , and L. rohita fry [35] .
The lipid vacuolization of hepatocytes indicated an accumulation of fat in the liver. Both fat accumulation and inflammatory infiltration are precursors of fatty liver disease. From These results showed that high-carbohydrate diets can increase bodyweight (obesity), HSI, glycogen, and fat accumulation in the liver. Obesity and glycogen accumulation can cause insulin resistance, which contributes to fatty liver. HSI correlates negatively with hepatic health in fish. Therefore, HCBDs are associated with fatty liver diseases caused by fat and glycogen accumulation in the liver, increased bodyweight, and high HSI.
The serum biochemistry showed high ALT and AST levels are indicators of liver damage and are associated with NAFLD and NASH [36, 37] . In this study, the ALT and AST levels were significantly higher in the HCBD group than in the control group, indicating that a high carbohydrate intake can cause unhealthy livers, with NAFLD or NASH. This is consistent with our results for liver histology, serum metabolomics, and HSI, which are all related to fatty liver disease.
Higher levels of LDL was observed in the HCBD group than in the control group. This is consistent with previous research that reported higher concentrations of LDL in obese rats than in lean rats [38] and with our results (bodyweight was higher in the HCBD group). These high LDL levels may arise because high carbohydrate causes more cholesterol to be synthesized in the liver, and more LDL is then required to transport this cholesterol to other peripheral tissues. LDL is also one of the causes of hepatic inflammation and plays a critical role in the development of NAFLD [39] . Therefore, this high level of LDL is also consistent with our histological results in the liver, which indicated excessive lipid accumulation and liver damage.
Although a lot of lipid accumulated in the liver, serum TG was reduced in the HCBD group. Liver dysfunction (attributable to liver damage and fatty liver) may explain this phenomenon, insofar as the damaged liver cannot transport TG to the blood or other peripheral tissues.
The lower serum TG in the HCBD group is also consistent with the results of the metabolomics analysis of the liver in that betaine was significantly reduced in the HCBD group. It had been reported that a decline in betaine indicates lower serum TG in the diabetic db/db mouse model [30] . Betaine is the product of the irreversible oxidation of choline in the liver and kidney. It can effectively prevent fructose-induced NAFLD and improve liver function by inhibiting inflammatory factors, reducing lipid peroxidation, reducing endoplasmic reticulum stress, and preventing apoptosis [40] [41] [42] . This indicates that a decline in liver betaine is a consequence of the pathological changes associated with a high carbohydrate intake. In this study, betaine was reduced by the intake of excess carbohydrate, which contributed to the formation of fatty liver. This is consistent with the histopathological and serum biochemical analyses.
In the transcriptome results we found that SOCS3 in the NAFLD pathway was downregulated in the HCBD group ( Figure 5 ), which induced increases in INSR and IRS ( Figure 5 ) because SOCS3 correlates negatively with INSR and IRS, and plays an important role in the pathogenesis of obesity in animal models [43] . INSR is a member of the receptor tyrosine kinase family, and binds insulin and other ligands that regulate glucose uptake and release and the synthesis and storage of carbohydrates, lipids, and protein [44] . Insulin may also regulate its own expression by binding to cell-surface INSR and stimulating a phosphorylation-dependent signaling cascade [45] .
IRS stimulates PI3K expression, which was significantly upregulated in the HCBD group ( Figure 5) , and the generation of phosphatidylinositol-(3,4,5)-triphosphate (PIP3), a lipid second messenger that activates several PIP3-dependent serine/threonine kinases, including PDPK1 and subsequently AKT/PKB [44] . This is consistent with our study and with the known functions of this protein in insulin signaling [46] . 3-Phosphoinositide-dependent protein kinase 1 (PDK1/2, PDPK1) was significantly upregulated in the HCBD group ( Figure 5 ), so its expression is responsive to the consumption of carbohydrate. PDPK1 is a master kinase activated by several growth factors and hormones, and plays an important role in various signaling pathways, including insulin signaling. A genetic analysis of the PDOK1 signaling pathway in Drosophila melanogaster and mice suggested that this pathway plays an important role in regulating organism size [47] . Normally, AKT is phosphorylated by PDPK1. The increase in AKT/PKB appeared to inhibit GSK3β expression, which was significantly downregulated ( Figure 5 ), but not through mTOR. The phosphorylation of GYS by GSK3 inhibits glycogen synthesis ( Figure 5 ). GYS, an enzyme that catalyzes the final step and is the limiting enzyme in glycogen synthesis, is a major substrate of GSK3 [48] .
The inactivation of GSK3 by AKT promotes glucose storage as glycogen. By promoting glucose storage, insulin inhibits the production and release of glucose in the liver by blocking gluconeogenesis and glycogenolysis [49] .
In human research, Hazlehurst reported that insulin resistance in adipose tissue remains an important component of the pathogenesis of NAFLD, leading to increases in circulating glucose and the availability of lipid substrates for the accumulation of hepatic lipids [50] .
AMP-activated protein kinase (AMPK) regulates insulin sensitivity. A continuous reduction in AMPK activity ( Figure 5 ), is accompanied by insulin resistance, whereas AMPK activation increases insulin sensitivity. AMPK phosphorylation activates fatty acid synthesis by inhibiting ACC gene expression. In this study, ACC gene expression was upregulated by the inactivation of AMPK ( Figure 5 ). Similarly, AMPK activity decreased when hepatocytes were exposed to high glucose. Exposing cells to high glucose concentrations induces a model of insulin resistance in which AMPK is inhibited and lipids accumulate [51] . AMPK also controls key players in various metabolic pathways and is therefore a major regulator of glucose and lipid metabolism, with many important roles in tissues [52] . The reduction in AMPK is consistent with the increase in de novo lipogenesis in NAFLD [53] [54] [55] .
According to our metabolomics data, a significant reduction in liver betaine was observed in the HCBD group. This is consistent with the transcriptomic results. A previous study showed that betaine can prevent high-fructoseintake-induced NAFLD by suppressing high-fructose-induced gluconeogenesis by moderating (upregulating) the expression of the AKT/PKB gene [29] . Our transcriptomic analysis showed that HCBD was associated with the upregulation of AKT/PKB and the downregulation of AMPK (Table 3 ). Another report suggested that betaine directly affects hepatocytes by increasing the tyrosine phosphorylation of IRS1, thus affecting PI3K and activating AKT/PKB [31] .
Hepatic IL6 was also upregulated in the HCBD group ( Figure 5 ). IL6 is an important proinflammatory adipocytokine that is always significantly elevated in the fat cells of obese and insulin-resistant individuals and NAFLD patients, and is clearly evident in adipose cells on liver histology [56] [57] [58] . ChREBP-MLX was also upregulated in the HCBD group, and the encoded protein causes de novo fatty acid synthesis. Recently, many researchers have reported that the liver transcription factor ChREBP-MLX is required for the induction of glycolytic gene expression by glucose [59] [60] [61] . This supports the many reports that ChREBP-MLX is always responsive to the consumption of high levels of carbohydrate [62] [63] . Given the ability of ChREBP-MLX to bind and activate the transcription of several lipogenic enzyme genes, the activation of ChREBP-MLX may be the glucose-dependent mechanism responsible for the synergistic induction of fatty acid synthesis by glucose and insulin [63] . Transcription factor activator protein 1 (AP1) was also upregulated in the HCBD group ( Figure 5 ), and increases in AP1 transcription have been linked to obesity, hepatic lipid metabolism, and NAFLD [64] . In the HCBD group, the PEPCK gene was also upregulated (Table 3) . PEPCK is a key enzyme in the synthesis of glucose in the liver and kidney, and plays a role in hepatic energy metabolism (energy production and conversion) [65, 66] .
FBP is carbohydrate transport and metabolism protein that acts via the insulin signaling pathway, which is associated with NAFLD. These data clearly show that the consumption of an HCBD can lead to fatty liver disease.
Finally, we verified HCBD increases the accumulation of lipid in the liver, which was reflected in the liver histology, HSI, and serum biochemistry results. Disturbances in metabolic pathways were also apparent, which induced changes in the expression of genes in the NAFLD pathway, which are all associated with fatty liver disease ( Figure 6 ).
Materials and methods
Diet preparation
Two diets (Table 1 ) were formulated with a protein level of 30% and total energy > 17 MJ/kg: the HCBD (> 30% carbohydrate) and the normal control diet. The diets were air-dried, sealed in airtight bags, and stored at -20 °C until use.
Proximate analysis
The crude protein, crude lipid, moisture, and ash in the feeds were determined with standard methods (AOAC 1995). Moisture was determined by oven-drying at 105 °C. Ash was measured using a muffle furnace at 550 °C. control or HCBD, with three replicates per diet). The period of the rearing trial was 60 days. The amount of diet fed to the fish was 2.0%-4.0% of their bodyweights. Therefore, the ration size was adjusted according to the changes in the fish bodyweights in each tank. The fish were fed twice daily. Fecal matter was removed twice daily before feeding.
Sample collection
The fish were sampled on day 60. Before sampling, five fish from each tank were anesthetized with 100 mg/L tricaine methanesulfonate (MS-222; Sigma, USA) and surgically dissected. Blood serum samples were collected with the standard protocol for clinical chemistry measurements. Livers were sampled and immediately placed in liquid nitrogen for 6 h, and then the blood and liver samples were stored at -80 °C until analysis. Fish weight, body length, liver weight, final number of fish, and feed consumed were determined to analyze various growth indices, such as survival, specific growth rate (SGR), feed conversion ratio (FCR), condition factor (CF), and hepatosomatic index (HSI). The data were analyzed statistically with SPSS version 11.5 (SPSS, Chicago, IL, USA), Statistical differences were determined with an unpaired two-tailed analysis (t test). Comparisons with P ≤ 0.05
were considered statistically significant. Results were expressed as means ± SD.
Histology
The livers of the blunt snout bream were immediately fixed in paraformaldehyde, embedded in paraffin, cut into 5 µm sections, and stained with hematoxylin and eosin (H&E).
Metabolomics analysis
Clinical biochemistry
Serum biochemistry parameters were measured with commercial kits produced by Jiancheng Bioengineering Institute (Nanjing, China) with a Tecan analyzer (Tecan, Ltd). The parameters included alanine transaminase (ALT), aspartate transaminase (AST), triglyceride (TG) and low-density lipoprotein (LDL).
Metabolites determined with nuclear magnetic resonance (NMR) spectroscopy
Each plasma sample (170 μL) was mixed with 340 μL of phosphate buffer (45 mM, pH 7.47, 50% D 2 O) containing 0.9% NaCl in a 5 mm NMR tube and used directly for the NMR analysis. Liver tissues (about 50 mg) were homogenized in cold methanol and water (v/v 2:1) using a Qiagen TissueLyser (Retsch GmBH, Germany). All plasma NMR spectra were acquired at 298 K on a Bruker Avance III 600 MHz NMR spectrometer (600.13 MHz were acquired with the Carr-Purcell-Meiboom-Gill pulse train [67] . The NMR spectroscopic analysis, NMR data processing, and multivariate data analysis were performed according to An [68] .
Transcriptomic analysis
RNA extraction
The total RNA was extracted from each sample with RNAiso Plus Reagent (Takara Bio Inc., Dalian, China), according to the manufacturer's instructions. The quality of the total RNA from individual tissue samples was evaluated with electrophoresis in 1% agarose gels and the RNA was quantified spectrophotometrically with a NanoDrop 2000 spectrophotometer (Thermo Scientific, Delaware, USA) and an Agilent Bioanalyzer 2100
(Agilent, Santa Clara, CA). Equal amounts of total RNA from the liver tissues were dissolved in RNase-free water and pooled in equal quantities to generate the control and HCBD samples.
cDNA library preparation and Illumina sequencing
High-quality total RNA (5 μg, 100 ng/μL) samples were sent to the Biomarker Biotechnology Corporation (Beijing, China) for the preparation of RNA-seq libraries. All the libraries were sequenced with the Illumina HiSeq™ 2500 platform (Biomarker Technologies Corporation, Beijing, China).
De novo assembly of sequencing reads
Raw reads of the transcriptome datasets (control and HCBD) were cleaned by filtering out adaptor-only reads and low-quality reads. The adaptor-only reads (nt length of the recognized adaptor ≤ 13 and the remaining adaptorexcluded nt length ≤ 35) were filtered from the raw reads. Reads in which more than 80.01% of bases had a Q value of ≤ 30 were filtered out with the Fastq_filter software (Biomarker Technologies Co., Ltd). The clean reads were then assembled with the short-reads-assembling program Trinity, version Trinityrnaseq_r2012-06-08, with a similarity of 90%. Trinity contains three software modules, including Inchworm, Chrysalis, and Butterfly.
Redundant sequences were eliminated, and the longest transcripts were recognized as unigenes, which were grouped together for the final assembly and subsequent annotation.
Annotation
Unique reads were aligned to a series of protein databases using BLASTx (E-value ≤ 10
), including the NCBI non-redundant (NR), Swiss-Prot, Trembl, Kyoto Encyclopedia of Genes and Genomes (KEGG), and Gene Ontology (GO) databases. To evaluate the coverage depth, all usable reads were realigned to each unique read using HMMER and the Pfam database, and then normalized to reads per kb per million reads (RPKM) values. The difference in read abundance between the samples were then calculated based on the ratio of the RPKM values, and the false discovery rate (FDR) control method was used to identify the threshold of the P value in multiple test, in order to compute the significance of the differences in transcript abundance. Here, only unique reads with an absolute value of log2 ratio ≥ 1 and an FDR significance score < 0.01 were used for the subsequent analysis.
Gene expression analysis
The numbers of reads in the RNA-seq analysis were normalized to RPKM values to compute the gene expression levels. Differentially expressed genes were detected with the EBseq software (version 1.1.7) in pair-wise comparisons. A Benjamini-Hochberg FDR < 0.01 was used to correct the result for multiple testing. Genes were defined as differentially expressed when they showed parameters FDR < 0.001 and |log2 ratio| > 1 (the RPKM value of the gene in one sample was at least two-fold higher that in another sample).
RT-qPCR analysis
cDNA was prepared from the total RNA extracted from the liver samples with RNAiso Plus Reagent (Takara Bio
Inc.), according to the manufacturer's instructions. The cDNA libraries were serially diluted 10-fold and used as the templates for RT-qPCR with the primers listed in Table S1 . The primers were designed using the Primer The RT-qPCR data were analyzed statistically with Microsoft Excel and with one-way analysis of variance (ANOVA) with the SPSS 16.0 software. Differences were considered statistically significant at P < 0.05 and P < 0.01.
Conclusions
The transcriptomes, metabolomics, serum biochemistry, growth indices, and histological profiles observed in this study show that HCBD can lead to increased fat deposition in the fish liver, and enhanced plasma glycolysis (α/β-glucose), and can activate insulin resistance and lipogenesis in hepatocytes through the up-or downregulation of the expression of genes related to fatty liver disease. Results were analyzed by t-test. (*) above bar indicated significant differences (P < 0.05), (**) above bar indicated highly significant differences (P < 0.01). change between control and HCBD group (mean ± SE), Results were analyzed by t-test. (*) above bar indicated significant differences (P < 0.05), (**) above bar indicated highly significant differences (P < 0.01) Figure 6 The change of transcriptome, serum and liver metabolomics and serum biochemistry by high carbohydrate diet lead to fatty liver disease 
